PCX 



WORU) nfreLLECnJAL PROPERTY ORGANIZATION 
IntHiiatiGnal Bureau 




INTERNATIONAL APPUCATON PUBUSHED UNDER TOE PATOfT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
GOIN 27/327 



Al 



(11) Internationa] Piiblicatmn Nmnber: WO 97/02487 

(43) iDtemational Publication Date: 23 Jannaiy 1997 (23X)K97) 



(21) International Application Nnmben PCT/US96/1 1240 

(22) International FHing Date: 28 June 1996 (28.0656) 



(30) Priority Data: 
08/496^39 



30Junc 1995 (30.06.95) 



US 



(71) Applicant: BOEHRINGER MANNHEIM CORPORATION 
[USrtJS); 91 15 Hague Road. P.O. Box 50528. Indianapolis. 
IN 46250 (US). • 

(72) InTcntors: PRTTCHARD, G.. Jc*n; 59 Wildrosc Drivc» An- 
. dover. MA 01810 (USX BATKON. Joseph. E; 14817 

Senaror Way, Caimel, IN 46032 (US). HILL. Brian. 
Apartment C, 4710 San Fbraando Drive, Indianapolis, IN 
46268 (US). HEALD, Brian, A.; 10337 Scagiave Drive. 
Fisheis, IN 46038 (US). HUBBARD. Scott, E.; 1261 W. 
Funy Road. Founlaintown, IN 46130 (US). 

(74) Agents: YOUNG. Michael et al.; Boehringer Maunheim 
Corporation. 91 15 Hague Road. P.O. Box 50528. Indlanapo- 
lis. IN 4j6250 (US). 



(«) Designated States: AL. AM, AT. AU. AZ, BB. BG. BR. BY 
CA. CH. CN. CZ. DE. DK. EE, ES. FI. GB. GE. HU. k' 
J^^^^^ J?*- KR, KZ. LK. LR. LS. LT. LU, L V. Md! 
MG MK. MN. MW. MX, NO, NZ, PL, FT. RO, RU, SD, 
SE. SG. SI. SK. TJ. TM. TR. TT, UA. UG. UZ, VN. ARIPO 

patent (KE. LS. MW. SD, SZ. UGX Eurasian patent (AH 
AZ. BY. KG, KZ. MD. RU. TJ, TM). European mtoit (AT 

NL, PT. SE). OAPI patent (BF. BJ, CF. CG, a, CM. GA. 
GN.MUMR.NE.SN.ro,TC). .^ua. 



Published 

With internaiional search report. 

Before the expiration of the tirm limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Tide: ELECmoCHEMICAL BIOSENSOR 1^ SHUP 
1 




(57) Abstract . 

strip h^wS^^^^^5^^l^^^ has-a minton v^^ blood sample requiremem of about 9 microliter, m test 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCT. 



AM 


Armenia 


AT 


Aoslria 


AU 


AnstcaiU 


BB 


Baibados 


BE 


Belpum 


BF 


BmkinaFaso 


B6 


Blll^203 


BJ . 


BensB 


BR 


Bma 


BY 


Behnis 


CA 


Canada 


CF 


Central Africaa Republic 


CG 


Congo 


CH 


Switzerland 


a 


COte d'lvoiBe 


CM 


CzineiooQ 


CN 


China 


CS 


Cztchoskvakia 


CZ 


Czedi Repidilic 


DE 


Genuxay 


DK 


DemnailE 


EE 


Estcmia 


ES 


Spain 


Fl 


Finland 


FR 




GA 


Gabon 



to the PCT CXI the front pages 



6B 


United lOngdom 


GE 


Geoi:^ 


GN 


-Guinea 


CR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Jqtan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


bemoaatic ftople's B 




of KcBca 


KR 


RepnUic of Korea . 


KZ 




U 


Liednensiein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


1 itttittSHiia* 


LU 


Louoibouis 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madi^ascar 


ML 


Mafi . 


MN 


Mo^gdia 


MR 


Mauritania 



pamphlets publishing international 



MW 


Malawi 


MX 


Meaioo 


NE 


Niger 


NL 


. NetberlaDds 


NO 


Norway 


NZ 


NewZeabnd 


PL 


Poland 


FT 




RO 


Romama 


RU 


Russian Fiedeiarion 


SD 
SB 


&tdan 
Sweden 


SG 


Sing^iore 


SI 


Slovenia 


5K 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TO 


Togo 


TJ 


Taj^istan 


TT 


'ninidad and Tobago 


VA 


Ukraine 


VG 


Uganda 


US 


United Stales of America 


UZ 


Uzbeldslan 


VN 


Viet Nam 



W097AEM87 

HiCTROCHEMICAL BIOSENSOR TEST STRff 



5 



This application is a continuation-in.part of U.S. patent application no 

08/198.407.filedFeb™ary21. 1994. the disclosure of which is hereby inco^ 
by reference. 

Field of Thpj^v^Pi^'^n 

10 

This invention relates generally to the determination of the concentration of 
analytes in fluids and more specificaUy to an amperometric biosensor for use in such 
determination. 

15 Background of the Jnv^rni^j^ 

Biosensors are «,t new. Then- use in the determination of concentrations of 
various analytes in fluids is also known. 



20 Nankai et al.. WO 86/07632. published December 31. 1986. discloses an 

amperometric biosensor system in which a fluid containing glucose is contacted with 
glucose oxidase and potassium ferricyanide. The glucose is oxidized and the 
ferricyanide is reduced to ferrocyanide. (This reaction is .catalyzed by glucose 

oxidase.) After two minutes, an electrical potential is applied and a current caused 
25 by the re-oxidation of the ferrocyanide to ferricyanide is obtained. The current 
value, obtained a few seconds after the potential is applied, correlates to the 
concentration of glucose in the fluid. 

^^''N^i " ^ discloses a method m which the reaction of glucose and 
30 ferricyanide may run to completion prior to the application of an electrical potential 
tins metiKKi is referred to as the -end-poinf method of amperometric determination. 

Nankai et al. discloses a system, wherein the glucose oxidase and potassium • 
ferricyanide are helddh a nonwoven nylon mesh. The mesh is positioned so that it is 
35 in contact with a working electi-ode. a counter electrode and a reference electrode 
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The total surface area of the counter and reference electrodes is twice that of the 
working electrode. 



Wogoman, EP 0 206 218, published Dec. 30, 1986 discloses a biosensor 
5 having two electrodes, the electrodes being made of different electrically conducting 
materials. For example, the anode is formed from an anode material, such as 
platinum, and the cathode is formed from a cathode material, such as silver. The 
anode is coated with an enzyme. In a preferred embodiment, the coated electrode is 
covered with an elastomer that is permeable to glucose. 

10 

Pottgen et al., WO 89/08713, published Sept. 21, 1989, discloses the use of a 
two electrode biosensor, wherein the electrodes are made of the same noble metal, 
but one of the electrodes (referred to as a psetidoreference electrode) is larger than 
the other (working) electrode. 

15. 

RecenUy, PoUmann et al., U.S. Patent No. 5,288,636, issued Feb. 22, 1994, 
disclosed an electrochemical biosensor test strip that includes working and coimter 
electrodes of substantially the same size and made of the same electrically conducting 
materials. The PoUmann et al. test strip includes a reagent well that will 

2 0 accommodate a testing sample of human whole blood from about 10 to about 70 
microliters. However, below about 13 microliters, errors in the measurement of an 
analyte, such as glucose, from a whole blood sample may result (low dosing errors). 
Generally, the low dosing error is manifested as an understated measurement of the 
analyte, or no measurement of the analyte by the meter used in conjunction with the 

25 test strip. Low dosing errors are a particular concern for infants and elderly persons 
who often have difficulty in expressing a reasonably sized blood drop for testing 
upon pricking their finger with a lancet. 

Accordingly, it is highly desirable to design a test strip that requires a 
. 3 0 minimjim volume of blood for the testing of an analyte, such as blood glucose. 

Summary o f the Invention 
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TTie invention is an electrochemical biosensor test strip that has a lower 
minimum vohmie blood sample requirement than prior art strips of similar 
construction. The present inventive test strip has a smaller reagent well and smaller 
spreading mesh than simUar prior art strips. Further, the reagent well is positioned 
5. diffwentiytiian in similar prior ait test strips. The nunimum blood vohmie sample 
requirement for the new strip is about 9 microliters. 

The smaller sample vohime requirement means fewer low sample vohmie 
dosing errors result when measuring an analyte, such as glucose, from a whole blood 

10 sample. This result is especially important for those persons, such as infants and die 
elderly, who have difficulty expressing a reasonably sized drop of blood by pricking 
their fmger with a lancet. Also, with die present inventive strip it is easier for tiie 
meter., which collects current measurements and correlates those measui^nents to a 
concentration of analyte from a sample, to discriminate low sample vohmie dosing 

15 enors. Further, die smaller reagent weU requh-es less reagent per b^ 

diereby mcreasing die production vohime for mass production of biosensor test: ' 
strips. 

Additionally, when die spreading mesh is affixed to the test strip by an 
20 adhesive tape, flie tape includes a hole tiuit exposes the reagent well and spreading 
mesh, and further inchides air vents on opposing sides of die hole. These air vents 
reduce the occurrence of air buhbles trapped m die reagent well when a sample is 
being tested. Air bubbles can produce testing errors. 

2 5 Brief ne>!rppf ,>n ^ f ^ju^ PmiYiTirt 

HG. 1 is an exploded view of die present inventive biosensor test strip. 

HG 2 is a top view of die biosensor test strip widiout die reagent, spreading 
30 mesh, and adhesive tape witii air vents. . 

HG. 3 is a top view of die fully constracted. preferred biosensor test strip. 
HG. 4 is a cross-sectional view of tiie biosensor of HG. 3 along lines 21-21. 
HG. 5 illustrates hypodietical calibration curves for different lots of 
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biosensor test strips. 
Description of the Preferr ed Kmhodiment 
5 The present inventive biosemor test Strip is similar to the preferred 

embodunent of the test strip described in Pollmann et al., U.S. Patent No. 5.288,636, 
issued Feb, 22, 1994, the disclosure of wWch is hereby incorporated by reference. i 
However, the Poltanann et al. strip has a construction such that too many low dosing 
errors result when whole blood samples below about 13 microliters are tested for 
10 blood glucose. 

In the present inventive test strip, reagent well 2 (Fig. 4) has been reduced in 
size over the Pollmann et al. reagent well and repositioned so (hat a smaller surface 
area of the counter electrode i than the working electrode 4. is exposed by cutout 
15 portion S, which forms reagent well 2. (Figs. 1-4) Mesh 12, which is a spreading 
mesh, is also reduced in size over the Polhnann et al. mesh. (Figs. 1, 3. 4) These 
changes m strip architecture result in a test strip that can accurately measure an 
analyte. such as glucose, from a minhnum whole blood sample of about 9 
microliters. 

20 

Referring specifically to Figs. 1 through 4, there is shown the presently 

preferred embodiment of the inventive biosensor test strip- 
Test strip 1 comprises first and second electrically insulating layers 2 and 2, 
25 respectively. Any useful insulating material will be suitable. Typically, plastics, 

such as vinyl polymers and polyimides provide the electrical and strucmral properties 

which are desired. Preferably, these layers are Melinex 329, 7 mil. 

The biosensor test strip shown in Figs. 1 through 4 is intended to be mass 
3 0 produced from rolls of material, necessitating the selection of a material which is 
sufficiently flexible for roll processing and at the same time sufficiently stiff to give a 
useful stiffness to the finished biosensor test strip. 
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layers 2 and 3 my be of any tisefol thickness. In a preferred embodta^^ 
layers 2 airf 2 are about 7 mil thick. 

Working electrode 4 and counter electrode 5 are preferably deposit 
5 backing of insulator material 2. such as polyiniide. to reduce the possibility of tearing 

the electrode before it is affixed to layer 2. Working electrode 4 and counter 
electrodes are substantially the same size and are made of the san^e electrically 
conducting nK,terial. Examples of electrically conducting materials that may be used 
are palladhim. platinum, gold, silver, carbon, titanium, and copper. Noble metels 

10 are preferred because they provide a more constant, reproducible electrode surfece 
. area. Palladium is particularly preferred because i, is one of the more difficult noble 
metals to oxidize and because it is a relatively inexpensive noble metal. Silver is not 
preferred because it is more readily oxidized by air than the other noble metak listed 
above. Preferably, electrodes 4 and 5 are about 0. 1 micron thick and backing 2 is 

15 about 25 microns thick (commercially available from Courtaulds Performance Fihns 
in California and Southwall Technologies, Inc.). 

Elecu-odes 4 and 5 must be sufficiently separated so that the electrochemical 
events at one electrode do not interfere with tiie electrochemical events at the other 

20 electrode. The preferred.distance between electrodes 4 and 5 is about 1.2 
millimeters. 



are 



In the preferred embodunent. electrodes 4 and 5. affixed to backmg 2. 
unspooled from reels and attached to layer 2 by the use of hot melt adhesive"inot 

25 shown). Electrodes4and5alsopreferably extend fromoneendoflayer2tothe 
odier Old in parallel configuration. 



use 



Insulating layer 2 is fixed on top of layer 2 and electrodes 4 and 5 by the 
of hot melt adhesive (not shown). Layer I includes cutout portion & which defines 
30 reagentwellS. Both the size and the position of cutout portions are critical to the 
invention. Cutout portion S must be sufficienUy small arid must be sufficienUy ' 
positioned such that in combination with Uk spreading mesh, described below, a 
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minimum whole blood sample volume of about 9 microliters may be accurately 
analyzed by the test strip. The preferred size of cutout portion & is 4 millimeters by 
4.2 millimeters. 

5 In the preferred embodiment, the 4 mm side of cutout portion runs parallel 

to the long side of the test strip shown in Figs. 1-4. Importantly, cutout portion S is 
positioned over electrodes 4 and 5 such that a smaller surface area of counter 
electrode i than working electrode 4 is exposed. Preferably, the exposed surface 
area of working electrode 4 is twice as large as the exposed surfece area of counter 
10 electrode 5. Surprisingly, offsetting cutout portion S to expose a smaller surface area 
for the counter electrode than the working electrode does not adversely affect 
measurement of an analyte from a sample being measured. In tWs preferred 
embodiment, electrodes 4 and 5 are 1.5 mm in width. 

15 Biosensor test strip 1 may be accompanied by a power source (not shown) in a 

electrical connection with the worldng and counter electrodes and a current 
measuring meter (not shown) which is also in a electrical connection with the 
working and counter electrodes. 

20 Biosensor reagent 11 (Fig. 4) is placed in well 2 so that it covers substantially 

all of exposed surfaces JQ and 2Q of working electrode 4 and counter 5, respectively. 
(Figs. 2-4) An example of a reagent that may be used in the biosensor test strip of 
the present invention is a reagent for measurmg glucose from a whole blood sample. 

25 A protocol for making a glucose reagent utilizing the enzyme glucose oxidase 

and ferricyanide as the oxidized form of the redox mediator is as follows: 

Step 1- Prepare 1 liter (in a vohimetric flask) of a buffer/NATROSOL mixture by 
adding 1.2000 grams (g) NATROSOL-250 M to 0.740 M aqueous potassium 
30 phosphate buffer (including 80.062 g monobasic potassium phosphate and 26.423 g 
dibasic potassium phosphate) at pH 6.25. Allow the NATROSOL to stir and swell 
for 3 hours. 
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Step 2- Vrepait an AVIOEL mixture by stirring 14.0000 g AVICEL RC-591 F and 
504.7750 g water for 20 minutes. 

5 Step 3- Prepare a TRITON mixtiue by adding 0:5000 g TIOTON X * 
514.6000 g of the buffer/NATROSOL mixture and stir for 15 minutes. 

Step 4- While stirring, add the total TRITON mixture dropwise with an addition 
funnel or buret to the total AVICEL mixture. Once addition is complete, continue 
10 stirring overnight. 

Step 5- To the mixture resulting from Step 4, add, while stirring, 98.7750 g 
potassium ferricyanide. (Add a little potassium ferricyanide at a time to allow the 
potassmm ferricyanide to dissolve as added.) 

15 

Step 6- Stirtheresultingmixture of Step 5 for 20 minutes. 

Step 7- Adjust the pH of the mixture resulting from Step 6 to 6.25 by adding 
potassium hydroxide. 

20 

Step 8- To the resulting mixture of Step 7, add 9.1533 g ghicose oxidase (218.50 
tetramethyl benzidine units per milligram (mg) from Biozyme) and stir at least 20 
minutes. 

25 Step 9- To die resulting mixture of Step 8, add 20 g potassium glutamate and stir 
at least 20 minutes. 

Step 10- Filter the resulting mixture of Step 9 through a 100 micron sieve bag to 
remove any AVICEL clumpmg. The filtrate is the resulting reagent composition 
30 (reagent 11), which is added to reagent well 2 and is dien dried at about 50 C** for 
about 3 minutes. 
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In the preferred embodiment for glucose determination, 4 microliters of 
reagent made by the above-stated protocol is added to well 2 formed by cutout S. 
This amount of reagent 11 will substantially cover surface areas Ifl and 2Q of the 

5 electrodes 4 and 5 (Fig. 2) and will also contain a sufficient amount of ferricyanide, 
and a sufficient amount of enzyme (ghicose oxidase) to catalyze the oxidation of 
glucose (from a sample of human whole blood) and the reduction of ferricyanide to 
completion, as defined herein, withm about 20 seconds. (Prior to adding the reagent 
to well 2. it is preferable to treat weU 2 with a 600 Watt corona arc. gapped at 

0 1/40,000 inch on a processing line travelling at 4 meters per mmute, to make well 9 
more hydrophilic, thereby allowing the reagent to spread more evenly in the well.) 

Another glucose reagent that may be formulated includes 300 millimolar 
potassium ferricyanide, 250 millimolar potassium phosphate buffer, 14 grams 

L5 microcrystalline cellulose (AVICEL RC-591 F) per liter of reagent, 0,6 grams 

hydroxyethylcellulose (NATROSOL-250 M) per liter of reagent. 0.5 grams Triton X- 
100 surfactant per liter of reagent, 37 millimolar sodium succinate, and 1.57 million 
tetramethyl benzidine units of glucose oxidase per liter of reagent. Sodium hydroxide 
(6 Normal solution) is used to titrate this reagent to a pH of 6.6. This reagent may 

20 be formulated by the same protocol described above, but amounts of components 
should be adjusted and components substituted (sodium succinate for potassium 
gluiamate and sodium hydroxide for potassium hydroxide) to achieve the component 
concentrations stated above. Drying of this reagent in reagent well 9 typically results 
in a loss of enzyme activity of about 30-35%. 

25 

After drying reagent 11, a spreading mesh Jl, which has been impregnated 
with a surfactant, is placed over cutout portion S and is affixed to second electrical 
insulator 2. Speading mesh 12 is preferably a polyester monofilament mesh from 
ZBF (Zurich Bolting Cloth Mfg. Co. Ltd., Ruschlikon, Switzeriand). The spreadmg 
30 mesh i| preferably dipped in a solution of 0.8% (wt.:vol.)dioctylsodium 
• sulfosuccinate (DONS) in a solution of 50:50 (voK:vol.) methanoliwater, and then 
dried. Spreading mesh 12 must be small enough such that in combination with the 

8 
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size of cutout portions and placement of cutout portion S the biosensor strip wiU 
accurately measure analyte from a minimmn whole blood sample of about 9 
microliters. The preferable dimensions of spreading mesh 13 are 6 mm x 5.8 mm. 

In the most preferred biosensor strip, the 6 mm side of the mesh is parallel to the 
5 long side of the strip shown in Rgs. 1-4. 

Preferably, spreading mesh 13 is affixed to adhesive tape 14. which includes 
hole.l5. .(Figs. 1.3.4) Adhesive tape 14 is preferably made of polyester with an 
adhesive backing. (Available from Tapemark. Medical Products Division; 223 E • 

10 Marie Ave.. St. Paul. Minnesota 55118) Adhesive , ape 14 is preferably dyed 
maroon and hole 15 provides a target area for application of a sample to be analyzed 
by Ae biosensor. Hole 15 exposes at least a portion of spreading mesh 13 and cutout 
portion S, and preferably exposes substantially all of cutout portion S. Tape 14 
preferably includes slits M, as shown inFigs. 1 and 3. located on opposing sides 6f 

15 hole 15. (Two slits 16 are shown in Figs. 1 and 3, bu, one slit may be sufiicient.) 
Slits m constinite air vents, which reduce the occurrence of air bubbles trapped in 

the reagent well upon the addition of a sample such whole blood to the reagent wen. 
Reducing the occurrence of air bubbles trapped in reagent well 2 results in fewer 
testing errors. 



20 



After drying the reagent and affixing the spreading mesh, the roll-formed 
biosensors are separated by die punching to form discrete biosensors, which are used 
in conjuncUon with 1) a power source in electrical comiecti6n with the woridng and 
counter electrodes and capable of supplying an electrical potential difference between 

25 tlK woridng and counter electrodes sufficiem to cause diflusion to^^ . 
electrooxidation of the reduced form of the redox mediator at the surface of the 
working electrode, and 2) a meter in electrical comiection with the working and 
counter electrodes and capable of measuring the diffusion limited cuirem produced by 
oxidation of the reduced form of the redox mediator when the above-stated electrical 

30 potential difference is applied. 
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The meter described above will normally be adapted to apply an algorithm 
(discussed below) to the current measurement, whereby an analyte concentration is 
provided and visually displayed. Improvements in such power source, meter, and 
biosensor system are the subject of commonly assigned U.S. Patent Number 
5 4,963,814, issued October 16, 1990; U.S. Patent No. 4,999,632, issued March 12, 
1991; U.S. Patent No..4,999,582, issued March 12, 1991; U.S. Patent No. 
5,243,516, issued September 7, 1993; U,S. Patent No. 5,352,351, issued Oct. 4, 
1994; U.S. Patent No. 5,366,609, issued Nov. 22, 1994; White et al., U.S. Patent 
Application Serial No. 08/073,179. filed 6/8/93 Gssue Fee mailed 12/27/94); and 
10 White et al., U.S. Patent Application Serial No. 08/343.363, filed 11/22/94 Qssno 
Fee mailed 5/5/95), the disclosures of which are hereby incorporated by reference. 

For easy electrical connection of the power source and meter, additional 
cutout portion 12 (Figs. 1 through 4), exposing portions of the working and counter 
15 electrodes, are preferably provided in the biosensor device. 

The biosensor device described above may be used to determine the 
concentration of an analyte in a fluid sample by performuig the following steps: 

2Q a) contactmg a fluid sample, such as whole blood, with a reagent 

(described above) that substantially covers surface areas IQ and 2Q of working 
and counter electrodes 4 and 5, respectively; 

b) allowing the reaction between the analyte and the oxidized form of the 
25 redox mediator to go to completion, as defined herein; \ 

c) subsequently applymg a potential difference between the electrodes 
sufficient to cause diffusion limited electrooxidation of the reduced form of 
the redox mediator at the surfece of the working electrode; 

30 

tl) thereafter measurmg the resulting diffusion limited current; and 
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e) conelating the current measurement to the concennation of analyte in 
the fluid. (Reaction completion is defined as sufficient reaction between the 
analyte and the oxidized form of the redox mediator to correlate analyte 
concentration to diffusion limited current generated by oxidation of the 
5 «'^fo™ofa«redoxniediatoratthesurfeceoftheworkingelectrode.) 

Many analyte-containing fluids may be analyzed. For example, analytes in 
hmnaribody fluids such as whole blood, blood serum, urine and cerebrospinal fluid 
may be measured. Also, analytes found in fermentation products and in 
10 enviromnental substances, which potentially contain enviromnental contaminants, 
may be measured. 

When measuring analytes found in human body fluids, especially whole 
blood, the potential difference applied between the electrodes is preferably no more 

15 than about 500 millivolts. When a potential difference above about 500 millivolts is 
applied between the electrodes, oxidaUon of the working electrode surfece (for 
palladium) and of some blood components may become intolerable, thereby 
preventing an accurate and precise correlation of currem to analyte concentration. 
For an assay of glucose in a whole blood sample, wherein the. oxidized form of the 

2 0 redox mediator is ferricyanide, a potential difference from about 150 millivolts to 
about 500 millivolts may be applied between the electrodes to achieve diffusion 
limited electrooxidation of the reduced form of the redox mediator at the surface of 
the working electrode. Preferably, about 300 millivolts potential diflerence is applied 
between the electrodes. 

25 

Current generated from the oxidation of the reduced fonn of the redox 
mediator may be measured at any time from about 0.5 seconds to about 30 seconds 
after.the potential difference is applied between the electrodes. At less than about 0.5 
seconds, diffusion limited current is difficult to measure due to the charging current 
30 Alter about 30 seconds, convection becomes significant, thereby interfering, with the 
measurement of a diffusion limited current. 
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The current measured during the assay of an analyte from a fluid sample may 
be correlated to concentration of the analyte in the sample by application of an 
algorithm by the current measuring meter. The algorithm may be a simple one, as 
illustrated by the following example: 

5 

[Analyte] == 07.5 +d 

wherein [Analyte] represents the concentration of the analyte in the sample (see Fig. 
5), i 7 5 is the current (in microamps) measured at 7.5 seconds after application of 
10 the potential difference applied between the electrodes. C is the slope of line 22 (Fig. 
5), and d is the axis intercept (Fig. 5), 

By making measurements with known concentrations of analyte, calibration 
curve 22 (Fig. 5) may be constructed. This calibration will be stored in the Read 
15 Only Memory (ROM) key of the meter and will be applicable to a particular lot of 
biosensor test strips. Lines 24 and 26 in Fig. 5 represent other hypothetical 
calibration curves for two other different lots of biosensor test strips. Calibration for 
these biosensor lots would generate slightly different values for C and d in the above 
algorithm. 

20 

In analysis of glucose, from a sample of human whole blood, 20 \i\ of whole 
blood is preferably added to the above-stated glucose reagent. The reaction of 
ghicose and ferricyanide is allowed to go to completion, thereby forming gluconic 
acid and ferrocyanide. This reaction normally requires a short time, preferably less 

25 than about 20 seconds, to go to completion. About twenty seconds after addition of 
the whole blood sample, a potential difference of about 300 millivolts is applied 
between the electrodes, thereby oxidizing ferrocyanide to ferricyanide at the siuface 
of the working electrode. Current measurements are made at 0.5 second intervals 
frcOTi 1 second to 7.5 seconds after the potential difference is applied between the 

30 electrodes. These ciirrent measurements are correlated to the concentration of 
glucose in the blood sample. 
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In this example of measuring glucose from a blood sample, current 

measurements are made at different times (from 1 second to 7.5 second 
application of the potential difference), rather than at a single fixed time (as described 
5 above), and the resulting algorithm is more complex and may be represented by the 
following equation: 

(Glucose] = C, ii + C2 i2 + C3 i3 + ...C„ i„ + d, wherein ii is the 
current measured at the first measurement time (1 second after application of the 300 

10 millivolt potential difference), 12 is the current measured at the second measurement 
time (1 .5 seconds after application of the 300 millivolt potential difference). 13 is the 
current measured at the third measurement time (2 seconds after application of the 
300 millivolt potential difference), i„ is the current measured at the n* measurement 
time (in this example, at the 14* measurement time or 7.5 seconds after application 

15 of the 300 millivolt potential difference), Cj . Cj. C3. and C„ are coefficients derived 

from a multivariate regression analysis technique, such as Principle Components 
Analysis or Partial Least Squares, and d is the regression intercept (in ghicose 
concentration units). (A modification of this procedure may be used in the event tiiat 
calibration curves ilhistrated by Fig. 5 have considerable curvature.) 
20 ■ 

Alternatively, the concentration of glucose in the sample being measured may 
be detennined by integrating the curve generated by plotting current, i. versus 
measurement time over some time interval (for example, from 1 second to 7.5 
seconds after application of tiie 300 nullivolt potemial difference). Uiereby obtaining 
25 tiie total charge transferred during the measurement period. The total charge 
transferred is directiy proportional to the concentration of glucose in tiie sample 
being measured. 

Further, die glucose concentration measurement may be corrected for 
30 diffeipnces between environmental temperanire at tiie time of actual measurement 
aiKl Uk enviroranental temperature at the time calibration was performed. For 
example, if tiie calibration curve for glucose measurement was constructed at an 

13 
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environmental temperature of 23®C, the glucose measurement is corrected by using 
the following equation: 



IGlucoselcorrected = [Glucose] measured ^ (l-KCr-23*»Q). wherein T is the 
5 environmental temperature (in °C) at the time of the sample measurement and K is a 
constant derived from the following regression equation: 

Y - K(T-23), 

10 wherein Y = [Glucose] measured at 23^C * [GlucoseJmeasured at T'^C 

tG»«^^^^WasuredatT°C ~" 

In order to calculate the vahie of K. each of a multiplicity of glucose concentrations 
15 is measured by the meter at various temperatures, T, and at 23°C (the base case). 
Next, a linear regression of Y on T-23 is performed. The value of K is the slope of 
this regression. 

The glucose concentration of a sample may be accurately and precisely 
20 measured by the present inventive method utilizing the present inventive biosensor. 
Further, when a sample of human whole blood is measured, error due to hematocrit 
effect is insignificant in die range of 30-55 % hematocrit. 

Other examples of enzymes and redox mediators (oxidized form) that may be used in 
25 measuring particular analytes by the present invention are listed below in Table 1. 



TABIiB 1 



ANALYIX 


ENZYMES 


REDOX MEDIATOR 
(OXmiZEDFORM) 


ADDITIONAL MEDIATOR 


GLUCOSE 


GLUCOSE DEHYDROGENASE 
ANE) DIAPHORASE 


FERRICYANIDE 




GLUCOSE 


GLUCOSE-DEHYDROGENASE 
(QUINOPROTEIN) 


FERRICYANIDE 




CHOLESTEROL 


CHOUESTEROL ESTERASE 
AND CHOLESTEROL OXIDASE 


FERRICYANIDE 


2>DIMETHYH,4- 

BENZOQUINONE 

2>DICHLORO-l,4- 

BENZOQUINONE 

OR PHENAZINE 

ETHOSULFATE 
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ALCOHOL 



URIC ACID 



FERRICYANIDE 



LACTATE OXIDASE 



DIAPHORASE 



PYRUVATE OXIDASE 
ALCOHOL OXIDASE 



FERRICYANIDE 



phenylenediamine" 



l-METHOXY- 

PHENAZINE 

METHOSULFATE 

ferricyanidF 



In some of the examples shown in Table 1, at least one additional enzyme is 
used as a reaction catalyst. Also, some of the examples shown in Table 1 may utilia 
an additional mediator, which faciUtates electron transfer to the oxidized form of the 
5 redox mediator. The additional mediator may be provided to the reagent in lesser 
amount than the oxidized form of the redox mediator. 

When compared to the preferred embodimem of the closest prior art biosensor 
test strip, disclosed in Poltaiann et al.. the prcsem inventive biosensor has the 
10 following distinguishing features: 

1. reagent well 9 is 30% smaller; . " 



1.; c- J' '?''"?^*'°*"S^*»""lef^'ectrodes are substantially t^^ 
15 size, the exposed surface area of the counter electrode in the reagem well is less than 
the exposed surface area of the working electrtde in the reagent well; 

3. a smaller amount ofreagentis.needed in the reagent well (4 microliters 
of reagent vs. 6 microliters of reagent ,m the preferred embodiment of Polhnami et 
20 al.); 



15 
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4. a smaller spreading mesh is needed; and 

5, air vents are included on opposing sides of the reagent well. 

5 

A smaller sample volume requirement to properly dose the test strip means 
fewer underdosing errors will result. This result is especially important for those 
persons, such as infants and the elderly who have difficulty in obtaining a reasonably 
sized blood drop after pricking their finger with a lancet. The present inventive strip 

iO makes it easier for a current measuring meter to discrunimite low sample volume 
dosmg errors. Also, using less reagent per sensor increases production volume for 
mass producing sensors. Further, providing side air vents near the reagent well 
reduces the occurrence of air bubbles trapped in the reagent well, which results in 
fewer testmg errors. 

15 . 

The present invention has been disclosed in the above teachings and drawings 
with sufiRcient clarity and conciseness to enable one skilled m the art to make and use 
the invention, to know the best mode for carrying out the invention, and to 
distinguish it from other inventions and what is old. Many mventions and obvious 
20 adaptations of the invention will readily come to mind, and these are mtended to be 
contamed withm the scope of the invention as claimed herein. 
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What is clairm^ 
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1. A device for detecting or measuring the concentration of an analyte, 
comprising: 
5 . 

a first electricar insulator; 



a pair of electrodes consisting of working and counter electrodes of 
substanUally the same size, the electrodes being made of the same electrically 
conducting materials and being supported on the first electrical insulator; 



10 



15 



20 



30 



a second electrical insulator, overlaying the first electrical insulator and the 
electrodes and including a cutout portion that exposes a smaller surface area 
of the counter electrode than the workmg electrode; 

a reagent for detecting or measuring the concentration of the analyte, the 
reagent substantially covering the exposed electrode surfeces in the cutout 
portion; and 

a spreading mesh, impregnated with a surfactant, overlaying the cutout 
portion and affixed to die second electrical insulator. 



wherein the cutout portion and spreading mesh.are of sufficient size and the 
reagait is in sufficient amount to receive a minimum whole blood sample of 
25 about 9 microliters for analyzing die analyte. 



2. The devfce of claim 1. wherein die spreading mesh is affixed to die second 
substrate by tape having an adhesive on one side and a hole tiiat exposes at 
least a portion of die spreading mesh and die cutout portion, and wherein the 
* tape also inchides at least one slit near die hole, thereby providing at least 



one 

airveht. * 
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3. The device of claim 1, further comprising a current measuring meter in 
electrical connection with the working and counter electrodes. 

The device of claim 2, wherein the tape includes slits on opposing sides of the 
hole, thereby providing two air vents. 

5. The device of claim 2, wherein the cutout portion is 4 millimeters by 4.2 
millimeters. 

10 6. The device of claim 5, wherein the spreading mesh is 6 millimeters by 5.8 
millimeters. 

The device of claim 6, wherein the amount of reagent is 4 microliters before 
drying. 

The device of claim 7, wherein the spreading mesh is impregnated with 
dioctylsodium sulfosuccinate. 

The device of claim 8, wherein the hole in the tape exposes substantially all of 
the cutout portion. 

10. The device of claim 9, further comprising a current measuring meter in 
electrical connection with the working and counter electrodes. 



4. 

5 



7. 



15 



8. 



9. 

20 
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